Abstract. During the snowmelt period of 19'67, snowmelt runoff from three pastured plots was measured as it moved to the stream channel over the ground surface, through the topsoil, and through the phreatic zone. Because of the presence of a thin layer of concrete frost in the normally porous topsoil, the infiltration capacity of the soil was reduced to a very low value. Almost one half of the meltwater left the plots as overland flow. Discharge rates, total volumes, and timing of this portion of the runoff were strongly controlled by incoming shortwave radiation. The response of subsurface flow to melting was heavily damped by storage and transmission of water in the soil. but 2.09 inches of this water were lost by drifting, melting, and evaporation before the snowmelt period began. On the western end of the site, drifting was severe, and at least 6.80 inches of water were deposited as snow. Half this amount was removed, however, before the main snowmelt period began. In addition to data from the snow courses, a large number of random measurements of snow depth and density were made on the study Table 4 .
cave slope and the straight slope. In each section of trench, runoff was collected at three levels' the soil surface, the base of the root zone, and the zone of perennial groundwater seepage (Figure 2 ). The flow from each interceptor was measured in gage houses at the easterly end of each section. Discharge was determined from continuous records of stage on calibrated weir slots. The numbering system used to refer to the various flow collectors and the area of each plot is shown in Table 1 . A roof was built over the trench and surface drain to prevent the direct entrance of precipitation.
Precipitation was measured by a shielded rain gage 400 yards northeast of the experimental site. The depth and water content of the snowpack were measured throughout the winter and the melt period at two snow courses (Figure 1) . Photographs of the snow cover were taken at noon each day so that maps of the snow cover depletion could be drawn.
A nuclear depth probe was used to measure soil moisture. Three access tubes, 7 feet in depth, were located in each plot at locations shown 1161 in Figure 1 . Readings were taken daily during and after the snowmelt period. Measurements of piezometfic head were made at the same nine locations at depths of 10, 8, 6, and 4 feet.
Temperature, precipitation, and humidity were measured continuously at the experimental site. Shortwave and net radiation measurements were made 4.5 miles northwest of the site.
DATA
The 1967 snowmelt period on this slope lasted from March 23 to April 2. The weather during this time was warm and sunny. Clouds were rare, high insolation rates were recorded, and only 0.25 inches of rain fell while the melt was underway.
Antecedent conditions. During the three months preceding the snowmelt period, 4.34 inches of precipitation were measured at the rain gage. Snow-course data collected on the slope showed that drifting, melting, and evap- but 2.09 inches of this water were lost by drifting, melting, and evaporation before the snowmelt period began. On the western end of the site, drifting was severe, and at least 6.80 inches of water were deposited as snow. Half this amount was removed, however, before the main snowmelt period began. In addition to data from the snow courses, a large number of random measurements of snow depth and density were made on the study Table 4 .
Runoff. Table 5 It is therefore reasonable to conclude that the 2.5-4.5-hour lag between the onset of melting temperatures and the first response of runoff was caused largely by the time taken for water to be displaced from the base of the snowpack. If melting began before air temperatures exceeded 32øF because of the absorption of shortwave radiation, the lag was even longer. Although the duration of the time lag between the onset of melting temperatures and the beginning of runoff must have been influenced by the rate at which temperature and radiation increased, the major control of the lag seems to have been the depth of the snowpack. There was an approximately linear relationship (through the range of the data) between the depth and water content of the snow on plot 2 and the lag between the onset of melting temperatures and runoff from channel 2-1. There was an even stronger correlation between the snowpack depth and the lag between sunrise and runoff. Each day meltwater had less distance to percolate before reaching the ground surface. As the moisture-tension curve of granular snow is like that of a sand [Gerdel, 1945] , the moisture gradient and therefore the gradient of hydraulic conductivity, is large near the ground surface. As the snow depth decreased, the average hydraulic conductivity of the pack increased each morning.
The effect was similar to that of a decrease in the depth to a water table on the responsiveness of a groundwater body during rainfall.
Once surface runoff began, the discharge rate increased rapidly (Figure 3) • • 5o
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Runoff from the Lower Tiles
The pattern of discharge from the lower tiles during snowmelt consisted of a series of hydrographs associated with each day's melt, superimposed on a general rise in discharge ( Figure  3 ). These hydrographs were quite different from those at the surface. Each groundwater hydrograph had a more gradual rise and recession than the corresponding surface hydrograph. Peak flow rates were small compared with those from the surface channels (Table 4) . Groundwater peak flow rates from plot 2 varied from 13% of the surface peak flow on March 24 to 6% on the 26th. Thereafter, the percentage again increased as groundwater discharge continued to rise slowly, while surface peak flow rates declined because of depletion of the snow cover.
Peak flow rates in the lower tiles occurred several hours after those of surface runoff (Figure 3) . The time lag between these two maxima decreased through the snowmelt period from approximately 10.5 hours on March 24 to 6 hours on March 26 and 27. The rising limb of the groundwater hydrograph began very close to noon on most days and, therefore, became steeper each day. This pattern was apparently produced by three reinforcing tendencies: melting increased in intensity, infiltration capacity of the soil increased over an expanding area, and sensitivity of the groundwater system increased as the water table approached the ground surface. Even though the responsiveness of the groundwater system increased, however, subsurface flow was subject to so much storage and resistance that peak flows were too small and too late to contribute significantly to the daily peak flows in the stream channel at the base of the slope (Figure 9 ).
Flow from tiles 1-3 and 3-3 followed the ' same general pattern as that from tile 2-3 on the concave slope (Figures 4 and 5) , but the hydrographs from tiles 1-3 and 3-3 were less regular and less responsive to snowmelt. Table   4 Groundwater flow from the plot peaked before or at the same time as flow from the larger watersheds, and was much smaller than surface runoff in total amount and peak rate at the height of the melt period. The larger watersheds had a thicker snow cover, lower average slopes, and a greater variation of aspects than the plots described in this report. These factors, together with storage and transmission in the channel system, may account for the lag between surface runoff from source areas and hydrographs at downstream gaging stations. The results of the present study suggest that groundwater contributes significantly to the overall rise of streamflow, but that overland flow may be the dominant control of di-
